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SUPRl\THEI\.Hi'\L ION DETEC'I'OR EXPERIMENT 
(Lunar Ionosphere Detector) 
This r?port reviews the lunar surface operation o~ 
the .e_uprathermal _Ion Qetector Experiment (SIDE) and gives 
the status of the experiment as of September L 1970, _n-
eluding observ2tions of scientific and engineering intorest 
which have been made since the 45-day preliminary reoor~ 
(reference l). The SIDE is designed to achieve the 
following experimental objectives: 
(l) Provide information on the energy and mass 
spectra of positive 1ons close to the lunar sur-
face, whether these ions are of natural origin 
such as the moon or the solar wind, or are due 
to the Apollo vehicle and life-support syste~s. 
(2) Measure the flux and energy spectrum of 
. t- . . 
posl~lve 1ons ln the Earth's magnetotail and 
magnetosheath during those periods when the 
moon passes through the magnetic tail of the 
Earth. 
(3) Provide data on the interaction between 
the solar wind plasma and the ~oon. 
(4) Determine a preliminary value for the 
electric potential of the lunar surface. 
The SIDE consists of two positive ion detectors, calleE 
the total ion detector and the mass analvzer. The tota.:'-
ion detector registers ions in twenty energy ranges frcm 
lOeV through 3500eV, and the mass analyzer covers the ~ass-
per-unit-charge range 10 through lOOOamu/q (this mass range 
at each of E energy 
(' 
levels from 0.2 to 48.6 ev. The sensor ~ ' l , ,:-1_ J.C~GS 0 "- Vl?W 
are roughly square solid angles 6° on a side, and include 
the ecliptic plane. The look axes c:.re canted ' r .L) fr0r:1 
the local vertical and to the west, with the look direc-
tions at various points along the lunar orbit as shown 
in Figure l. The sensitivities of the total 1on dctecto~ 
and of the mass analyzer are approximately 5 x 1ulJ 0nd 
1 ol 7 counts/sec/amp of entering positive ion flux, rc;:::pcc-
tively. The entrance aperture areas are approximately 
24~m2 and 16~n2, respectively. A more detailed descrip-
tion of the instrument is given in the preliminary reoort 
( re :ference 1) . 
Performance 
The performance of the SIDE continues to be excellent. 
All temperatures and voltages have been nominal and no new 
anomalies in operation have appeared since th~ preli~inary 
report. The calibration signal for the total ion detector 
has been intermittent for a short time on several occasions. 
This is used as a diagnostic check on the digital logic and 
is not essential as long as the digital logic functions 
properly. 
The detector high voltage (-3~5 kV) power supply had 
to be commanded off for a period of about ll days cente:':"ed 
on lunar noon during the first three lunar cycles after 
deployrnent. This was done because of the spontaneous 
execution of mode change cormuands by the SIDE when i ·..:..s 
temperature exceeded some threshold value. Since these 
spur :',ous corrr11ands were assumed to be c2us ed by l1 igh vel ':age 
corona or arcing in the SIDE, probably due to outgassi~a as 
off after such a mode change 1n order to prevent further 
arcing and possible damage to components. 
temperature above which spontaneous mode changes occ:..:.rred 
increased significantly (from 36° to 5l°C) on the 2nd 
lunar day, apparently as outgassing proceeded. However, 
improvement has been slo\v since then and the current 
critical temperature range is about 50-55°C. An ::1pera-
tional method has been devised to circumvenl 
this problem, and has resulted in acquisition of very 
interesting data in the earth's tail and magnetoshea~h 
regions. when the SIDE temperature reaches 50-55°C, 
or after a spontaneous mode change occurs, the instru-
ment power is cycled off and on, which produces a tem-
perature history such as that shown in Figure 2, keeping 
the package below about 55°C and hence obtaining data 
without undue risk of high voltage arcing damage to com-
ponents. In the lunar afternoon the instrument is turned 
on and left on until it is necessary to cycle it off ana 
on again in the next lunar day. The duty cycle can be 
increased above what is shown in Figure 2, but a high 
duty factor has been utilized only in periods of highly 
interesting data. The remainder of the time the normal 
2hr/day real-time support periods have been utilized to 
obtain data for monitoring purposes. 
The thermal design of SIDE kept the internal tempera-
tures within the desired nominal operating range of -20cC 
The peak operating temperatures reached 79"C 
during each of the three lunar days when the power was 
left on continuously. During the night-time the inter-
nal temperatures are maintained at constant values 
tc +22°C, depending on proximity to the heat~-s) by 2ea~s 
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of 4 watts of heater power dissipation in addilion to the 
6 watts dissipated in the electronics. l\ s l u d y 0 f t: h l' 
temperaturP vs sun-angJe data from depl0yment unlil the 
present shows that there has been no dcgradatio::1 of the 
thermal control during this time (about 9 monlh~;). 
The Cold Cathode Gauge Experiment (CCGE) electronics 
are carried in the SIDE package, and the CCGE high voltage 
:~.5 kv) power supply failed at about 14 hours after deploy-
ment. Extensive testing and failure analysis ~f similar 
units subsequently indicated that a transistor in this power 
supply was susceptible to failure in this application eue to 
·transient noise. A different transistor, better suited for 
this application, has been installed in the Apollo XIV and 
XV flight units to improve the reliability of the instrument. 
Additional care has also been taken to minimize the likeli-
hood of high voltage corona within the instrument. 
General Results 
Low-Enerov Events 
As reported in references 1 and 2, several low-energy 
(10 to 250 eV) events were detected by the total ion detector 
shortly after initial turn-on of the SIDE. These ions 
appeared as intermittent clouds, several of which were 
accompanjed at the outset hy higher energy inns (500 
7 50 ev). One arrival of such a cloud was coincident with 
a magnetometer variation that indicated the passage o£ a 
current sheet nearby. At the same time these low-enerav 
events were seen by the total ion detector, the ~ass a~a-
lyzer detected ions in the 48.6 ev range, with the pea~ 
c£ the ~ass soectrum in the ~ass-per-unit-charge range of 
18 to 50 amu/q. It should be noted thot the lj 
H, H2, and He cannot be detected by the J\pol1o XL I mo.s e:; 
analyzer; they can be detected only by the tolJl . l lon cc-
tector. 
Other low-energy ion events have often been seen by 
the total ion detector only. Since the sensitivity of the 
mass analyzer is lower than that of the total lon detector, 
this could be because there were few of the heavier lO:r\S 
present, but it could also be because of the small fraction 
of the time that the energy channel of the mass analyzer 
coincides with a similar energy channel of the total ion 
detector. A study is currently in progress to investicate 
possible long-term low-level mass spectra in the mass 
analyzer data. Sometimes the ions in these low-energy 
events have rather broad spectra covering two or three 
energy channels, although frequently the spectrurn is q·Ji te 
monoenergetic, with all energies falling within a single 
energy channel. 
The frequent appearance of these suprathermal ions 
suggests the operation of a general acceleration mecha~ism. 
-One interesting possibility to speculate on is the E x B 
drift acceleration by the solar wind. This mechanism has 
been proposed as the source of large quantities o~ A~4~ 
found in the lunar surface samples (reference 3 ) . 
therefore have direct evidence for such a process. 
Higher Energy Pheno~ena 
Reference l also reported the detection of high e~ergy 
:1 to 3 keV) ions SFOradically in the portion of the l~nar 
~rbit near, and up to 4- days after, sunset at the ~LSE? 
site. In the earlier part of this time period there an, 
lower energy ions, also. These ions have been t.Pntativcly 
.identified as protons escaping from the EarU1' s bnw shock 
front ·and moving generally along the interpJ anctary rnacynctic 
field lines at the "garden hose" angle. Such observations 
have been reported at the much closer Earth orbit of the 
vela satellites (reference 4). 
Low-energy protons escaping from the bow shock cannot 
drift upstream as close to the interplanetary field direc-
tion as higher energy protons can. Thus there should be a 
change to a more energetic spectrum at later times, as lS 
observed. However, the actual energies and directions of 
such escaped protons are expected to be modified in an 
unknown manner by magnetic and electric fields in the 
vicinity of the moon, of both local and long-range scale. 
Note that the ALSEP magnetometer measures a steady 36v 
magnetic field which is probably of local origin (reference 5). 
Ions of solar wind energy observed several days before 
local sunrise, as if due to a deflection of the solar wind, 
were previously reported (reference 1). These have beer. 
observed each lunar cycle. 
are also seen each cycle. 
Intermittent day-time events 
Earth's wake in the Solar Wind 
Beginning in February, 1970, observations were ~ade 
during many short segments of time throughout the regior. 
of the Earth's magnetospheric tail and the magnetosheath 
region between the bow shock front and tail. very 
intense ion fluxes are observed in the magnetosheath as 
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the moon leaves the magnetospheric tail, while only very 
low and sporadic ion fluxes are seen in the magneto:;hca'::_h 
where the moon enters the tail. The detector is loc,king 
roughly "upstream" parallel to the bow shork front i.n 
the former case, whereas in the latter the detector looks 
almost perpendicular to the shock front. ln both case:::: 
when the moon is outs ide the shock front the detec tc'r 
look direction is such that the solar wind 111 interpla~etary 
space is undetectable. The intense fluxes o~ ions are 
observed behind the bow shock, so they do not constjtute 
the undisturbed solar wind, but rather the solar wind 
after passing through the bow shock. There is also an 
indication that effects of the solar ~ind interaction 
with the moon are being observed as well. 11, preliminary 
description of this data has been presented in reference 6. 
A general factor of the magnetosheath data is the obse~va-
tion of three characteristic types of spectra, which a?pear 
at different times. Typical spectra of each of these ::ypes 
are exhibited in figure 3, each panel of which displays 
total ion detector counts per frame for three scans through 
the energy spectrum. The intensity and constancy of t~e 
fluxes, and the presence of higher energy ions, as lis~ed 
in the figure, are used to characterize the different types 
of spectra shown. As a simplified description, the type I 
spectra are typically observed near the magnetopause, shortly 
after entering the magnetosheath. The more intense type II 
spectra appear later, and type III spectra are typic2l~.y 
observed near the bow shock, as the moon is leaving 
magnetoslleath. 
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The magnetosheath is a very complex rcgio!l, an~ it 
ls expected that further SIDE data from this region will 
yield extremely useful information Jn the interacti0n aGd 
acceleration mechanisms operating there, both in magnetically 
disturbed times and in relatively quiet times. 
Impact Events 
The impacts of the Apollo XII lunar module (LM;: ascent 
stage and of the Apollo XIII S-IVB rocket, which were crashed 
into the lunar surface as known sources of seismic signals, 
both created ion clouds which were detected by the SID~ for 
periods of a few minutes. The ions observed from the ~M 
impact had energies of about 250 ev to 500 ev, mainly, which 
is far above the range detectable by the mass analyzer. 
However, the ions from the S-IVB impact had energies of 
about 50 to 70 ev, and consequently were visible to the 
mass analyzer. At least 10'/o and perhaps most of these 
lons had masses between 10 and 80 amu/q. we have learned 
that an impact such as that of the S-IVB produces a qas 
cloud of sufficient density to deflect the solar wind in 
the vicinity of the impact and accelerate the gas cloud 
ions to suprathermal energies. Figure 4 shows the time 
history of the maximum intensity per channel from the 
spectra recorded at S-IVB impact. The energy corresponding 
to each channel is noted. The decrease and later increase 
ln energy of the most abundant :i.ons is of particular 
interest. A more detailed discussion of the cono:ex 
effects on the ions of the cloud and of the solar wind 
.. s ln preparation (references 7 and 8). 
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There have been several large natural impact events 
detected by the Apollo XII Passive Seismic Experiment 
(G. Lathan. private communication, 1970), and there 
remains the possibility that a large enough natural 
impact may occur close enough to produce a detectable 
flux of ions at the ALSEP site. In the first several 
mcnths of operation there have been no clear ion events 
of this type. 
Eclipses 
Partial lunar eclipses have occurred twice (February 
21 and August 16, 1970) since the deployment of ALSEP, 2"nd 
both constituted partial solar eclipses as seen from the 
ALSEP site. The February eclipse was very slight at A~SEP 
and produced no effects discernible in the SIDE ion flux 
data. There was a cooling effect on the instrument package, 
as expected, with the temperature sensor in the CCGE package 
(in contact with the lunar surface) indicating a temperature 
drop from 364°K down to 294°K. very interesting activity 
in the form of highly variable ion fluxes was observed in 
the SIDE data during the August eclipse. However, this 
may have been due to a time coincident intense solar flare 
event which resulted in a large magnetic storm at Earth. 
Data from additional magnetic storms and eclipses will be 
necessary to resolve this ambiguity. 
In view of the large and rapid temperature decrease 
observed during an eclipse, a total eclipse is more inter-
esting than a partial one for observations of possible 
gas 
10, 
t.h:a t 
liberation. Thus the total lunar 
1971 will be of special interest. 
eclipse +' O.L 
It shou.ld 
Apollo XIV is scheduled for launch January 
February 
be not::ec 
ll 
-..,_I 
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and that the Apollo XII SIDE is still operating prOIJer:y 
so there is a chance that both the Apollo XII and trc 
Apollo XIV SIDE instruments will be able to observe this 
total eclipse. There is also a second total lunar eclipse 
in 1971 on August 6. 
Present and Future Data Analysjs Activities 
The following list represents the distribution of 
effort of various project scientific personnel and their 
present areas of concentration: 
1. Dr. J. W. Freeman is analyzing the Apollo XIII 
S-IVB impact event. This analysis is nearly 
complete and a paper is in preparation that will 
be presented at the December (1970) western 
National Meeting of the American Geophysical 
Union. A paper on this subject will be submitted 
jointly with Drs. Conway Snyder and H. Kent Hills 
(for publication) (reference 7). 
2. Dr. Kent Hills is interested in the night side 
high-energy phenomena. A paper on this subject 
was presented by him at the April (1970) National 
Meeting of the American Geophysical Union (refere~ce 
9). A paper for publication will be in preparation 
shortly. 
3. Dr. Jlirg Meister is investigating possible SIDE 
data correlations with optical lunar transient 
events reported by the LION network. Dr. Meister 
is an ESRO/NASA International Post-Doctoral Fellow 
who only recently arrived at Rice to work with t~!v::: 
SIDE group. 
4. Miss Martha Fenner (a Rice Space Science graduate 
student) has been pursuing the data from the 
outbound magnetosheath passes. She presented a 
paper on the SIDE data from this region at the 
April (1970) National Meeting of the American 
Geophysical Union (reference 6). 
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5. Mr. Robert Lindeman (a Rice Space Science graduo.tc; 
student) is preparing a computer program to anolyze 
low-level night side events by computing lcng-ter~ 
averages. 
6. Mr. Ren~ Medrano (a Rice Space 
student) is performing a power 
to determine the origin of the 
counting rates seen during the 
Science oraduate 
../ 
spectrum analysis 
mass analyzer 
lunar day. 
7. Mr. Tom Rich (a Rice undergraduate) is performing 
a hand analysis of pre-dawn solar wind energy ion-
cloud events to determine ~heir distribution along 
the lunar orbit. 
The following list represents a partial enumeration 
of areas awaiting detailed investigations: 
1. The ground plane voltage influence on SIDE coun~ing 
rates. (This will provide information on the lunar 
surface electric field.) 
2. Long-term averages of the mass analyzer fluxes during 
the lunar day. 
3. Quiet-time and seasonal plasma fluxes ln the magn<?to-
tail. 
4. Analysis of lunar eclipse data. 
5. Investigation of the variation in the fluxes seen 
during large geomagnetic storms. 
6. More complete examination of the concept of a 
general acceleration mechanism for thermal lons 
in the lunar ionosphere (reference 8). 
7. Correlation of SIDE data with PSE data (detected 
natural impact events) and with LSM data. 
It should be noted that most of these specific areas 
of research will be greatly aided by data from the SID~'s 
on additional ALSEP missions. This is true because of 
the different locations and SIDE detector look directions 
planned for future ALSEP's, hopefully with time concurrent 
data. 
Conclusion 
A brief summary of the salient features of this report 
follows. 
(1) The SIDE continues to operate normally, wjth no 
indication of degradation of perforwance or of thermal 
control capabilities. 
(2) Mass spectra of 50 ev ions were obtained soon after 
deployment. These show concentrations of ions in the 
18 to 50 amu/q mass-per-charge range. 
(3) Clouds of 10 to 250 ev ions have been detected, as 
well as other events, whi~h suggests the operation of 2 
general acceleration mechanism. 
(4) Solar wind energy ions are observed several days 
before local sunrise. 
(5) Ions of 250 to 3000 ev presumed to be protons which 
escaped from the bow shock, are observed in the time period 
between sunset and midnight. 
(6) Data on the complex features of the interaction of 
the solar wind with the earth's magnetic field and with 
the moon are being accumulated. 
(7) The Apollo XIII S-IVB impact resulted in a clo1:.d 
of 50 to 70 ev ions being detected at the SIDE, with a 
large number of ions of mass about 10 to 80 amu./q. ~o 
mass data is available from the Apollo XII LM impact, 
which resulted in ions of 250 to 500 ev at the SIDE. 
(8) Two partial lunar eclipses have been monitored, but 
no ion events have been clearly attributed to an eclipse. 
High fluxes during the second eclipse may be associated 
with a large solar flare rather than with the eclipse. 
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Fi_gure captions 
Figure 1. The look directions of the SIDE at variou~' 
points along the lunar orbit. The Earth 
is not drawn to scale. 
Figure 2. Temperature history during the cyclic operation 
of the SIDE. The dashed curve was taken from 
earlier times when the power was left on, and 
only the internal high voltage supplies were 
turned off. 
Figure 3. Three typical spectra observed in the magnetosheath 
region with the total ion detector. Each frame is 
1. 2 seconds long, and the counts are accumu:_a ted 
in that time interval. Each panel shows three scans 
of the spectrum, starting with the 3500 ev c~1annel, 
then repeating. Some characteristics of eac~ type 
of spectra are tabulated below the spectra. 
Figure 4. Maximum counts per channel of the total ion 
detector during the S-IVB impact event. Each 
bar represents the maximum count in a 2 0-fra.:ue 
spectrum scan, and is labeled with its appro-
priate energy. Note that the spectrum peak 
was at 50 and 70 ev initially, and shifted 
down to 10 ev, then increased to several 
hundred ev. 
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